ABSTRACT Because the time of use (TOU) strategies can directly affect the power flow distribution of electrical distribution system, this paper investigates the optimal TOU electricity pricing model and its functions for improving the power quality and reducing the power loss of electrical distribution system. Firstly, an optimal period partitioning algorithm based on a moving boundary technique is proposed for dividing an entire day to the different periods. Secondly, an optimal TOU electricity pricing model is proposed through minimizing the peak-valley difference, the voltage fluctuation, and the power loss. The particle swarm optimization (PSO) algorithm is adopted to solve the proposed optimization problem, and the multi-objective constrained optimization problem is transformed into a single objective unconstrained optimization problem. Thirdly, two novel indices of describing the voltage variation and the power loss are defined for considering the impact of TOU strategies and improving the power quality and reducing the power loss. Finally, an IEEE 14-bus system is applied to verifying the correctness and effectiveness of the proposed method. The results prove that the algorithm which proposed in this paper has a great significance in improving the power quality and the economic benefits of electrical distribution system. INDEX TERMS Time of use, optimal period partitioning, moving boundary technique, particle swarm optimization algorithm, electrical distribution system.
I. INTRODUCTION
The demand response (DR) program has a significant influence on improving the reliability of electrical distribution system and alleviating the electricity shortage during the peak period [1] - [4] . The time of use (TOU) as one of demand response strategies has been widely used in the electrical power system [5] - [7] . After carrying out a TOU electricity price program, the electrical energy consumption behavior of customers will be changed through increasing load demand during the valley period and reducing load demand during the peak period [8] , [9] . Thus, carrying out TOU program can economize the operation and maintenance cost and improve the utilization rate of electrical equipment. However, TOU program can also affect the power flow of electrical distribution system. Therefore, the influence of TOU strategy on power flow needs to be investigated, and an optimal TOU electricity pricing strategy also needs to be designed for
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The existing literatures related to TOU strategies primarily focused on two aspects, i.e., the period partitioning and the TOU electricity pricing optimization. The traditional k-means algorithm [10] , [11] and the bisecting k-means algorithm [12] , [13] are widely used in the period partitioning, the load forecasting and the probabilistic power flow. But the k-means based algorithms have an obvious shortcoming, namely, the clustering results are always fluctuant due to the random initial values. Yang et al. [14] presented an equal step length iteration algorithm to obtain the optimal period partition which can overcome the resulting instability of traditional algorithm (e.g., k-means). However, the computation time and the accuracy highly depend on the predesigned step length. Therefore, for overcoming the instability of clustering results and improving the period partitioning efficiency, a period partitioning algorithm based on a moving boundary technique is firstly presented in this paper.
The TOU electricity pricing optimization problem mainly focused on the constrained function design [3] , [15] - [18] and the objective function design [19] - [22] . Refs. [3] , [15] - [17] investigated some constrained functions, such as the revenue of electric power supplier, the consumer's cost, and the relationship of electricity prices during different periods. In [18] , the acceptable charging power of electric vehicle battery and the state of charge are incorporated into constraint conditions. However, after implementing TOU strategy, the load variation limitation that can avoid the load inversion of the peak period and the valley period was not considered in constraints. Therefore, excepting for considering traditional constraints, the load inversion constraint is taken into account in this paper for eliminating the peak-valley inversion of load curve and preventing the excessive adjustment of the electricity prices.
The traditional objective function of the optimal TOU electricity pricing problem is to simultaneously minimize the peak load and the peak-valley difference [19] - [21] . Maximizing the benefit of utility company as an objective function is considered in [22] . If the voltage quality and the power loss are incorporated into the TOU electricity pricing optimization problem, it can benefit the safety operation and energy utilization efficiency of the power system. However, the voltage quality and power loss were not involved in the above literatures. Therefore, the objective functions are reconstructed in this paper to improve the power quality and the economic benefits of electrical distribution system. Based on the above discussion, this paper investigates the impact of TOU strategy on the voltage quality and the power loss of electrical distribution system and presents a TOU electricity pricing model with the consideration of voltage fluctuation and power loss. Firstly, a period partitioning algorithm based on a moving boundary technique is presented for overcoming the instability of traditional clustering algorithms and improving the efficiency of period partitioning. Secondly, an optimal TOU electricity pricing model is proposed by minimizing the peak-valley difference, the voltage fluctuation, and the power loss. The PSO algorithm is adopted to solve the proposed optimization problem, and the multiobjective constrained optimization problem is transformed into a single objective unconstrained optimization problem. Thirdly, two novel indices of describing the voltage variation and the power loss are defined for considering the impact of TOU strategies and improving the power quality and reducing the power loss. Finally, the IEEE 14-bus system is used to verify the correctness and effectiveness of the proposed method.
The contributions of this paper are described as follows: 1) This paper proposes an optimal period partitioning algorithm based on a moving boundary technique, which not only can satisfy the requirement of the accuracy, but also overcome the instability of traditional clustering methods and improve the efficiency of solving optimization problem.
2) This paper proposes an optimal TOU electricity pricing model, in which optimal electricity prices can be obtained for reaching the purpose of minimizing the peak-valley difference, the voltage fluctuation, and the power loss. Thus, the proposed model has positive effects on smoothing the power curve, improving the power quality, and decreasing the power loss.
3) A constraint of avoiding the load inversion between peak-valley periods is effectively designed. This constraint is greatly crucial for preventing the excessive adjustment of the electricity prices.
4) This paper defines novel indices of describing the voltage fluctuation and the power loss for considering the impact of TOU strategies on the power quality and the power loss. In addition, these indices are also taken into account in the optimization problem of electricity prices.
The remainder of this paper is organized as follows. Section II describes the period division algorithm based on a moving boundary technique. Section III presents the apportionment technique of the hourly load after considering TOU price. Section IV defines the analysis indices of electrical distribution system. Section V constructs the objective functions based on the indices and considers the constraints, the PSO algorithm is adopted to optimize TOU price. Case studies are presented in Section VI. The paper is summarized in Section VII.
II. THE PERIOD PARTITIONING ALGORITHM BASED ON A MOVING BOUNDARY TECHNIQUE
To divide peak-flat-valley periods are the essential prerequisite of carrying out the TOU strategy. Due to the shortcoming of existing algorithms, this paper presents an optimal period partitioning algorithm based on a moving boundary technique.
A. THE PEAK-FLAT-VALLEY PERIOD PARTITIONING MODEL
Assume that the hourly load sequence of a typical day is the optimal load boundary. The objective function is given by:
where m represents different periods (i.e., the peak, the flat and the valley periods); i (i = 1, 2, . . . , 24) represents hours; L m is the cluster center of the load sequence for the m-th period. The cluster center can be obtained by:
where N m denotes the number of loads during the m-th period.
B. PERIOD PARTITIONING ALGORITHM BASED ON A MOVING BOUNDARY TECHNIQUE
In this paper, a period partitioning algorithm based on a moving boundary technique is presented for dividing an entire day into three periods (i.e., the peak period, the flat period, and valley period). The proposed period partitioning algorithm is described as follows, and the corresponding flowchart is depicted in Fig. 1 .
Step1: Input the hourly load sequence for a typical day, i.e.,
Step2: Sort the hourly load sequence through an ascending order of load values. The sorted load sequence is formed by
Step3: Initialize boundary variables. B fv and B pf are initial-
Step4: Update the boundary variables. If j < 24, the peakflat boundary variable B pf = L j is updated by j = j + 1; otherwise, the peak-flat and the flat-valley boundary variables are updated by i = i + 1 and j = i + 1. Then, calculate the corresponding value of F(B fv , B pf ).
Step5: Terminate the iteration process. If j = 24, stop the iteration; otherwise, go to Step4.
Step6 
III. THE APPORTIONMENT TECHNIQUE OF HOURLY LOAD AFTER CONSIDERING TOU
After carrying out a peak-flat-valley TOU strategy, the electricity consumption during different periods will be shifted due to the response of power customer on electricity prices. In this paper, the price elasticity matrix of demand [23] - [26] is used to describe the shift of electricity demand. An apportionment technique [27] is used to apportion the hourly load after considering TOU.
A. PRICE ELASTICITY MATRIX OF DEMAND
The price elasticity matrix of demand is composed of elasticity coefficients which describe the ratio of the electrical energy variation to the price variation. The electricity consumption is related not only to the current period, but also to the other periods. Thus, the elasticity coefficients of demand are divided into the self-elasticity coefficient and the crosselasticity coefficient which can be expressed by
where m and l represent different periods, that is m ∈ (p, f , v) and l ∈ (p, f , v); ξ mm is the self-elasticity coefficient;
is the cross-elasticity coefficient; E m is the variation of electricity consumption in the m-th period; E m is the electricity consumption in m period before considering TOU; P m and P l are the variation of prices in the m-th period and the l-th period; P 0 is the electricity price before considering TOU. The relationship between the price during different periods and the electricity consumption can be described by
B. AN APPORTIONMENT TECHNIQUE FOR HOURLY LOAD AFTER TOU
After considering TOU, the electricity consumption of each period can be obtained by the price elasticity matrix of demand. Then, an apportionment technique is used to apportion the hourly load sequence after considering TOU, that is,
where L before i
and L after i are the hourly load before and after considering TOU, respectively.
IV. THE POWER FLOW CALCULATION AND ANALYSIS INDICES OF ELECTRICAL DISTRIBUTION SYSTEM
The TOU strategy affects the electricity consumption of load nodes, and the variation of the electricity consumption will further lead to the redistribution of power flow. Therefore, this paper firstly builds power flow equations [28] - [32] and then defines the evaluation indices (i.e., the daily node voltage fluctuation and daily active power loss) for describing the influence of TOU strategy on the power flow distribution.
A. POWER FLOW EQUATION
The polar coordinate-based power balance equations for the node i are given by:
where P i and Q i are the active power injection and reactive power injection of the bus i; N is the total number of nodes; U i and U j are the voltage magnitudes of nodes i and j; δ i and δ j are the voltage phase angles of nodes i and j. G ij and B ij are elements of the node admittance matrix. 
C. INDEX DEFINITION FOR DESCRIBING THE ACTIVE POWER LOSS
Reducing the active power loss can improve the economic efficiency of electrical distribution system. Thus, a daily active power loss index will be defined in this paper. The complex power loss comprised of the active power and the reactive power loss ( S loss ) can be expressed by (10) where subscripts h, d and i denote the hour number, day number, and the node number, respectively; P loss (h, d) and Q loss (h, d) are the active power and reactive power loss; S (h, d, i) is the complex power injection.
So, this section proposes the daily active power loss to describe the sum of active power loss in one day.
Thus, the daily active power loss index for describing the influence of a TOU strategy on the power loss is defined by
where P loss (d) is the daily active power loss index for the d-th day.
V. THE TOU PRICE OPTIMIZATION PROBLEM CONSIDERING THE VOLTAGE FLUCTUATION AND ACTIVE POWER LOSS A. THE OBJECTIVE FUNCTION
The objective functions of TOU price optimization problem are generally constructed by minimizing the peak load and minimizing the peak-valley difference [19] , which are standardized by dividing the peak load and peak-valley difference before TOU price, respectively, as follows:
where L before max and L before min are the peak load and the valley load before TOU, respectively; L after max and L after min are the peak load and the valley load after TOU, respectively; f 1 is an objective function for minimizing the peak load which has been standardized; f 2 is an objective function for minimizing the peak-valley difference which has been standardized.
For improving the power quality, the voltage fluctuation can be incorporated into the TOU electricity price optimization problem (Assume that node 1 is a slack bus), which is standardized by dividing the daily node voltage fluctuation before TOU price, as follows:
For improving the economic efficiency, the active power loss can be also incorporated into the TOU electricity price optimization problem, which is standardized by dividing the daily active power loss before TOU price, as follows:
where P before loss (d) and P after loss (d) are the daily active power loss index for the d-th day before and after TOU, respectively; f 4 is an objective function for minimizing the daily active power loss which has been standardized.
B. CONSTRAINTS
Constraints of TOU price optimization problem include the supplier revenue, the consumer cost, and the electricity prices' relationship between different periods.
1) THE CONSTRAINT ON POWER SUPPLIER
The implementation of TOU price can reduce the investment and the cost of the power supplier, which can be reflected by the benefit coefficient:
where ε is the benefit coefficient.
2) THE CONSTRAINT ON CONSUMER
The consumer cost will not increase after TOU price, which can be described by:
3) THE CONSTRAINT ON DIFFERENT PERIOD PRICES
After considering TOU price, the price during peak period should be greater than that of flat period, while the price during valley period should be less than that of flat period.
4) THE CONSTRAINT ON THE MARGINAL PRICE
The valley period price must be higher than the marginal price.
where P d is the marginal price.
5) THE CONSTRAINT ON PEAK-VALLEY LOAD INVERSION
A constraint for preventing the inversion of the peak-valley load curve is expressed by
where L pmin and L vmax are the minimum load in the peak period and the maximum load in the valley period after TOU price, respectively.
C. THE FITNESS FUNCTION
In this paper, the fitness function is formed by incorporating a penalty function into the objective function. The multi-objective constrained optimization problem can be transformed to a single objective unconstrained optimization problem by
where α i (i = 1, 2, 3, 4) are corresponding weight coefficients of objective functions; F 1 and F 2 are the fitness functions after considering the voltage fluctuation and the active power loss, respectively; T is the penalty function term [33] .
where k denotes the iteration number; Q is a penalty factor described as
where N c is the number of constraints; h(·) and γ (·) are
D. TOU PRICE OPTIMIZATION BASED ON THE PSO ALGORITHM
The PSO algorithm [34] with the constriction coefficient is used to optimize TOU electricity price. A flowchart of TOU price optimization problem is shown in Fig. 2 , and the specific steps are given as follows: Step1: Initialize the variables of PSO algorithm. Set M and H as particle sizes and iteration numbers, respectively. The position variable and the velocity variable are initialized by
where q (q = 1, 2, . . . , M ) is the q-th particle; w is the w-th dimension, w = 1, 2, 3; R qw is a uniformly distributed random number in [0,1]; X 0 qw and V 0 qw are the initial values of the position variable and velocity variable, respectively.
Step2: Initialize the local optimal price sequence of particle. Calculate the fitness value of each particle and set this value as the local optimal value of each particle. The corresponding optimal price sequence P
Step3: Initialize the global optimal price sequence. Through comparing local optimal values among all particles to find the minimum value p 0 ubest and let it be the global optimal value g 0 best . The corresponding global optimal price sequence is P 0 gbest = {P 0 up , P 0 uf , P 0 uv }. Step4: Update velocity variables and position variables for all particles. The velocity variable and the position variable can be updated by where k is the iteration number; c 1 best , let g k best = p k ubest . The corresponding global optimal price sequence is updated as P k ubest = {P k up , P k uf , P k uv }. Step7: Terminating the iteration process. If k = H , stop the iteration and output the global optimal value and the global optimal price sequence; otherwise, k = k+1, and go to Step4.
VI. CASE STUDIES A. MODIFIED IEEE 14-BUS SYSTEM
In this section, IEEE 14-bus system is used as a test system due to the typicality and the simplicity of the network, and its network topology is shown in Fig. 3 and the detailed data can be found in [35] .
The IEEE 14-bus system only provides a constant load level for each node, and the load curve has a time series' characteristic. Thus, in this section, the annual hourly load curve of each node and monthly typical daily load curve are obtained by the following methods.
1) OBTAINING THE ANNUAL HOURLY LOAD CURVE
StepA1: Forming a normalized annual hourly load curve: The load data in 13 regions of PJM [36] are adopted, and the hourly load is divided by the annual peak load to obtain the normalized annual hourly load curve.
StepA2: Forming an annual hourly load curve:
The normalized annual hourly load is multiplied by original load values of each node to obtain the annual hourly load curve.
StepA3: Forming an annual hourly reactive power curve: Set the constant power factor and calculate the annual hourly reactive power by the power factor and the annual hourly load levels (i.e., active power) obtained by StepA2.
2) OBTAINING THE MONTHLY TYPICAL DAILY LOAD CURVE
StepB1: Forming the monthly typical daily loadL i (h, M ) for each node i bȳ
where M is the month number; d n (M ) denotes the number of days for the M -th month.
StepB2: Forming the average monthly typical daily load L (h, M ) of the entire electrical distribution system bȳ
where N is the number of nodes in the electrical distribution system.
B. COMPARISON OF PERIOD PARTITIONING METHODS
The proposed a moving boundary technique is used to divide the period of the daily load curve, and it is compared with the improved bisecting k-means (IBMs) and the equal step length iteration algorithm (ESL). Due to limited space, January and July are taken as examples to carry out the period partitioning algorithm for 1000 times. The maximum mean square distance, the minimum mean square distance, and the time cost are designed as the comparison indices. The results are listed in Table 1 and Table 2 . Taking January as an example, it can be observed from Table 1 and Table 2 that: 1) Both maximum mean square distance and minimum mean square distance of period partitioning obtained by the proposed moving boundary technique and the equal step length iteration algorithm (ESL) are same and their values are 0.000924, while the improved bisecting k-means has the same minimum mean square distance, and the maximum mean square distance is larger than the other two methods. Thus, the proposed moving boundary technique is more stable comparing with the IBMs, and it is also precise comparing with the ESL.
2) The total time cost consumed by the moving boundary technique and the ESL are 3.195s and 77.59s, respectively. Thus, the moving boundary technique has a higher efficiency than the ESL.
Results for July have shown the same conclusion. Therefore, the proposed period partitioning algorithm based on the moving boundary technique is not only accurate but also stable and highly efficient.
C. PEAK-FLAT-VALLEY PERIODS PARTITIONING
The proposed moving boundary technique is adopted to divide optimal peak-flat-valley periods. The period partitioning results of the typical daily load curve for the months of January and July are displayed in Fig. 4 and Fig. 5 . The histogram with horizontal lines refers to the boundary load.
It can be observed from Fig. 4 and Fig. 5 that: 1) In January, the optimal boundary load is {1.24 MW (at 24:00), 1.41 MW (at 11:00)}, i.e., if L i ∈ [L min , 1.24], the corresponding hours belong to the valley period; if L i ∈ (1.24, 1.41] , the corresponding hours belong to the flat period; if L i ∈ (1.41, L max ], the corresponding hours belong to the peak period. Therefore, the results of period partitioning are: the peak period includes 18:00∼21:00 h; the flat period includes 7:00∼17:00 h, and 22:00∼23:00 h; the valley period includes 1:00∼6:00 h and 24:00 h.
2) In July, the optimal boundary load is {1.27 MW (at 1:00), 1.53 MW (at 11:00)}, i.e., if L i ∈ [L min , 1.27], the corresponding hours belong to the valley period; if L i ∈ (1.27, 1.53], the corresponding hours belongs to the flat period; if L i ∈ (1.53, L max ], the corresponding hours belongs to the peak period. Therefore, the results of period partitioning are: the peak period includes 12:00∼22:00 h; the flat period includes 9:00∼11:00 h and 23:00∼24:00 h; the valley period includes 1:00∼8:00 h.
D. TRADITIONAL TOU ELECTRICITY PRICE OPTIMIZATION
In this section, f 1 and f 2 as objective functions are used to implement TOU electricity price optimization. The original price is 0.65 and the marginal price is 0.35. The weight coefficients α 1 and α 2 are both 0.5. In this paper, the elastic coefficients of all customers are assumed to be the same.
The typical daily load curves before and after considering TOU strategy for the months of January and July are depicted in Fig. 6 , and electricity prices relisted in Table 3 .
It can be seen from Fig. 6 that: during the peak period, the load level after TOU is lower than that before TOU; during the valley period, the load level after TOU is higher than that before TOU; while the load level during the flat period has a little variation before and after TOU. Therefore, the TOU strategy can efficiently reduce the peak-valley difference and decrease the fluctuation of load level. Table 3 shows that: comparing with the original price, the peak price ascends for transferring energy consumption from the peak period to other periods; the valley price descends for absorbing energy consumption from other periods to the valley period; the flat price is between the peak price and the valley price.
The converge curves of PSO algorithm are shown in Fig. 7 . It can be observed from Fig. 7 that the fitness value reaches the steady state after 80 and 60 iterations for Jan. and Jul., respectively.
E. OPTIMAL TOU STRATEGY CONSIDERING PEAK-VALLEY INVERSION
An unreasonable TOU strategy design may appear the peakvalley inversion of load curve, which will affect the peak regulation and the economic benefit. Therefore, the impact of peak-valley inversion constraint will be investigated in this paper.
The load curves with and without considering peak-valley inversion constraint are shown in Fig. 8 . In Fig. 8, ' 'Before TOU'' denotes the load curve before carrying out TOU strategy; ''Without constraint'' refers to the load curve after carrying out TOU strategy without considering the peakvalley inversion constraint (PVIC); ''With constraint'' indicates the load curve which a TOU strategy is implemented by considering the PVIC.
When the PVIC is not considered into the TOU optimization problem, it can be observed from Fig. 8 (a) that the load at 24:00 h (the valley period, 1.42MW) is higher than that at 21:00 h (the peak period, 1.31MW); the similar result is shown in Fig. 8 (b) , the load at 1:00 h (the valley period 1.44MW) is higher than that at 22:00 h (the peak period 1.39MW). Thus, the peak-valley inversion phenomenon occurs.
When the PVIC is considered into the TOU optimization problem, however, the load during the peak period is always higher than that during the valley period. Thus, the PVIC can eliminate the peak-valley inversion of load curve. After carrying out the TOU strategy, it is observed from Fig. 9 that the daily node voltage fluctuation of the node 9 on January 15 has decreased from 0.00208 to 0.000725, and on July 15, the index has decreased from 0.00443 to 0.00161. And as shown in Fig. 10 , the daily node voltage fluctuation for each day of January has decreased, and the results for July have shown the same conclusion.
Therefore, the TOU strategy can efficiently reduce the daily node voltage fluctuation which improves the power quality and voltage stability. 
G. EFFECT OF TOU ON THE ACTIVE POWER LOSS
For analyzing the impact of TOU on the active power loss, this paper calculates the daily active power loss of the months of January and July, and the results are shown in Fig. 11 .
After carrying out the TOU strategy, it is observed from Fig. 11 that the daily active power loss for both January and July are descending. Thus, the TOU strategy can reduce the active power loss which is beneficial to the economic operation of power system.
H. TOU DESIGN CONSIDERING THE NODE VOLTAGE AND THE ACTIVE POWER LOSS
The daily node voltage fluctuation and the daily active power loss are considered into the TOU electricity pricing optimization problem. The monthly typical daily load of each node in July obtained by StepB1 is adopted to complete the optimization. 
1) TOU STRATEGY DESIGN CONSIDERING THE NODE VOLTAGE FLUCTUATION
In this section, two cases (Case I and Case II) are designed for analyzing the effect of incorporating the voltage fluctuation into the TOU strategy optimization. Case I denotes that f 1 and f 2 are considered in the fitness function; Case II denotes that f 1 , f 2 and f 3 are considered into the fitness function. The results of TOU optimization strategy for the two cases are illustrated in Table 4 . Let SW denotes the sum ofW i for all nodes.
It can be observed from Table 4 
2) TOU STRATEGY DESIGN CONSIDERING THE ACTIVE POWER LOSS
In this section, two cases (Case I and Case II) are designed for analyzing the effect of incorporating the active power loss into the TOU strategy optimization. Case I denotes that f 1 and f 2 are considered in the fitness function; Case II denotes that f 1 , f 2 and f 4 are considered into the fitness function. The results of TOU strategy optimization for the two cases are illustrated in Table 5 .
It can be observed from Table 5 that the daily active power loss for Case II has decreased from 6.829MW to 6.646MW comparing with Case I. The results show that the active power loss of each day has dropped significantly. Therefore, it can conclude that incorporating the daily active power loss into the TOU strategy design can further decrease the active power loss and improve the economic benefits.
VII. CONCLUSION AND DISCUSSION
In this paper, the optimal TOU electricity pricing model and its functions on improving the power quality and reducing the power loss of electrical distribution system is investigated. Firstly, this paper proposes a moving boundary technique for partitioning peak-flat-valley periods. Secondly, an optimal TOU electricity pricing model is proposed, and the multi-objective constrained optimization problem is transformed into a single objective unconstrained optimization problem. Thirdly, two novel indices of describing the voltage variation and the power loss are defined for improving the power quality and reducing the power loss, and the PSO algorithm with the constriction coefficient is adopted to solve the optimal TOU electricity pricing problem.
Case studies results of the IEEE 14-bus system have demonstrated the correctness and effectiveness of the proposed method. The conclusions are listed as follows:
1) An optimal period partitioning algorithm based on a moving boundary technique is proposed. Not only can this technique satisfy the requirement of the accuracy, but also overcome the instability of traditional clustering methods and improve the efficiency of solving optimization problem.
2) An optimal TOU electricity pricing model is presented. In the model, optimal electricity prices can be obtained for reaching the purpose of minimizing the peak-valley difference, the voltage fluctuation, and the power loss. And the proposed model has positive effects on smoothing the power curve, improving the power quality, and decreasing the power loss.
Therefore, this paper has a great significance on improving the power quality and the economic benefits of electrical distribution system by optimizing the TOU electricity prices.
In the future studies, the uncertainty of the price elasticity for different types of customers will be incorporated into the TOU strategy optimization, and its impact on the TOU strategy will be further discussed.
